This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representation of 
The original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT ; , , v-- 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



# 10/089068 

JC1^c'dPCT/PTO 0 5 APR 2002 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

IN RE APPLICATION OF: Erik DAHLQVIST, et al. 
SERIAL NO: NEW U.S. PCT APPLICATION 
FILED: HEREWITH 

INTERNATIONAL APPLICATION NO!: PCT/SE00/01917 
INTERNATIONAL FILING DATE: October 4, 2000 

FOR: A COMPUTER BASED METHOD AND SYSTEM FOR CONTROLLING AN 
INDUSTRIAL PROCESS 

REQUEST FOR PRIORITY UNDER 35 U.S.C. 119 
AND THE INTERNATIONAL CONVENTION 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In the matter of the above-identified application for patent, notice is hereby given that 
the applicant claims as priority: ••. * »_>- - " " 

COUNTRY APPLICATION NO DAY/MONTH/YEAR 

Sweden 9903606-3 05 October 1999 

Certified copies of the corresponding Convention application(s) were submitted to the 
International Bureau in PCT Application No. PCT/SE00/01917. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 

MATER & NEUSTADT, P.C. 



DOCKET NO.: 221449US8PCT 



22850 

(703)413-3000 

Fax No. (703)413-2220 

(OSMMN 1/97) 




William E. Beaumont 



ijpdldyD. Lytle Registration Number 30,996 
Attorney of Record 
Registration No. 40,073 
Surinder^achar _ 
Registration No. 34,423 



THIS Ptm 



(U8PTQ) 



PRV 



PCT/ SE 00 / 0 1 9JZ 



PATENT- OCH REGIST RER1NGSVE.RKET 

Patentavdelningen 



.1ECD 0 5 DEC 20: 



-o 



Intyg 

Certificate 




■z- 
o 

CO 



Harmed intygas att bifogade kopior over ens stammer med de 
handlingar som ur sprung ligen ingiv its till Patent- och 
registreringsverket i nedannamnda ansokan. 

This is to certify that the annexed is a true copy of 
the documents as originally filed with the Patent- and 
Registration Office in connection with the following 
patent application. 



PCT 



(71) Sdkande ABB AB, Vast eras SE 

Applicant (s) 



(21) Patent ansokningsnummer 9903606-3 
Patent application number 



(86) Ingivningsdatum 
Date of filing 



1999-10-05 



Stockholm, 2000-11 -24 



For Patent- och registreringsverket 
For the Patent- and Registration Office 



Anita Sodervall 



Avgift 
Fee 



PRIORITY 

DOCUMENT 



PATENT- OCH 
REGISTRERINGSVERKET 

SWEDEN 



Telex 
17978 

PATOREG S 



Telefax 

+ 46 8 666 02 86 
08-666 02 86 



Bjerkens Patentb 021 4702031 * 05/lgjfc> 17:13 NO. 429 02/31 

021 4702031 ~ 

Ink. t Patent- och reg. verket 
1999 -10- 0 5 



Reference No.: SE 400 091 OF 
Applicant: ABB AB 

5 A COMPUTER BASED METHOD AND SYSTEM FOR CON- 
TROLLING AN INDUSTRIAL PROCESS 

FIELD OF THE INVENTION 

10 The present Invention relates to a computer based method for 
controlling an Industrial process which comprises at least two 
unit processes comprising the steps of directly controlling the 
process by means of a model comprising one or more algorithms 
and delivering process data from the process to the control 

15 model. 

The invention also relates to a computer based system for con- 
trolling an industrial process which comprises at least two unit 
processes, said system comprising a model comprising one or 
20 more algorithms for directly controlling the process and means 
for delivering process data from the process to the control model, 
the operation of the control model being based on said process 
data. 

25 The Industrial process is preferably continuous or semi-continu- 
ous and may contain continuous, semi-continuous, and/or dis- 
continuous unit processes, but is still regarded as being continu- 
ous or semi-continuous. Even though the invention Is applicable 
to all kinds of continuous and semi-continuous processes. It is 

30 particularly used for processes in connection to the manufacture 
of chemical, petrochemical metal, and polymer products, and 
pulp and paper production, in which there Is a need of controlling 
the stream compositions in order to obtain the required product 
properties. The process might also be a process in a power plant. 

35 Typical unit processes in a process for the manufacture of pulp 
and paper ar coking, bleaching, stock preparation etc. 
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Th* means for delivering, or retrieving, process data normally 
lo^pTi's slnsors for In-line, on-line and,or at-l,ne measure- 

ment. 

5 BACKGROUND OF THE INVENTION ANO PRIOR ART 
10 reference to such processes. 

Hons set o„ < h eir activity, but a.so to minimise the impact of their 
nfluence on the environment, .ncreased recycling w.th.n the p o- 
duction process as we.l as an increased use o reclaimed ma«e 
as raw material or additions to the process a.so pu t Wgher de 
mend of the control and supervision of process Add.t.onally. 
these producers face a tougher competition, which can only be 
met with high-quality products. 

The product quality is dependent on many perametera which are 
influenced by the raw materia, supply to the process. espeaaHy 
he consistency of raw material supply, the additions made during 
treatments, and the production conditions during *•«•» « - 
30 ments Thus, the product quality can change substantially 
" Throughout these processes. Therefore, methods for process 
control need to employ a system with sensors or devices for 
sampling throughout the process line and means to execute 
measurements and sampling, means to collect <=°' late ' j"* P™'" 
35 ess information obtained from the process, and means to execute 
corrective actions in the process. 
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For processes containing two or more unit processes, an overall 
optimisation of the process is required. The optimisation of the 
process includes an optimisation of v for example, the product 
5 quality, the total economy, environmental aspects, energy con- 
sumption, maintenance of product equipment, etc. A typical ex- 
ample of an optimisation is an optimisation of the process in or- 
der to find optimal set-points for pumps, valves, etc, in the proc- 
ess to achieve a certain production volume during a given period 
10 of time under the given conditions. Thereby, the optimisation in- 
eludes the downloading of tank levels, temperatures, etc. on-line 
from a process computer system into a computer, and using the 
downloaded values together with algorithms adapted for the op- 
timisation and control of the process. 



Normally, the values of a plurality of variables in the process will 
be measured by means of sensors and used as input to the algo- 
rithms for the optimisation and control of the process. However, 
every now and then, such measurements will be incorrect due to 

20 the malfunctioning of the sensors. Some deviation between 
measured values and the predicted or real values of the variables 
in question can be tolerated, but when the error is above a cer- 
tain level due to the malfunctioning of a sensor, that value should 
not be used in the optimisation algorithm or in the control model 

25 of a control system, and the sensor in question should be re- 
placed or repaired in order to make it possible to provide the 
control system with correct measurements* 

Therefore, prior art has proposed different ways of tracking. 
30 identifying, and analysing the malfunctioning or defective sen- 
sors. Prior art also suggests ways of tracking, identifying, and 
analysing a malfunctioning or defective actuator or controller, or 
production unit or device. 

35 However, prior art only suggests methods and/or systems that, 
upon detection of such malfunctioning, provide alarms, but do not 



15 
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propose specific steps or measur s taken by the used softwar 
of a control system in order to upgrade or adjust itself with re- 
gard to malfunctioning sensors or process variations that initially 
might lead to one or more sensors being deemed as malfunc- 
5 tioning. 

OBJECTS OF THE INVENTION 

One object of the present invention is to provide a computer 
10 based method and system which permits a reliable on-line simu- 
lation of and control of an industrial system. The inventive 
method and system should be suited for advanced model based 
control of an industrial process. In particular, the invention shall 
devise ways of detecting and handling erroneous measurements, 
15 in particular in-line measurements by sensors, in the process in 
order to maintain a proper and redundant computer based control 
of the process. 



20 



SUMMARY OF THE INVENTION 



This object is achieved by means of the initially defined method, 
which is characterised in that it comprises the further step of 
executing an automatic diagnose of the validity of the process 
data retrieved from the process for the purpose of preventing 
25 irrelevant process data from being used as input in the control 
model. 

Preferably, the process is simulated by means of a separate pro- 
cess model which updates the control model and provides it with 

30 set point values for Its operation. Preferably, the process is opti- 
mised by means of the process model which, with given con- 
straints, will provide the control model with suitable set point val- 
ues for said optimisation with regard to different Issues, such as_ 
total economy, environmental aspects, product quality, mainte- 

35 nance of process equipment, etc. Preferably, the process model 
is adapted to modify or replace essential parts of the control 
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model upon reception of certain information, in particular infor- 
mation concerning irrelevant process data that should not be 
used for the operation of the control model. 

5 According to the inventive method, the process model is provided 
with process data from the process, the operation of the process 
model being based on said process data. At least some of said 
process data is retrieved from the process by means of sensors 
for in-line, on-line and/or at-line measurement, for example the 

10 same measurements as those used as input to the control model. 
Preferably, the process model is provided with information from 
the diagnose for the purpose of preventing irrelevant process 
data from being used as input in the process model. Hence, the 
process model, as well as the control model, is continuously up- 

15 graded on-line in order to prevent It from using Incorrect or ir- 
relevant process data for its operation. 

The present invention should provide a computer based method 
and system which devise a way of diagnosing the performance of 

20 sensors in a process, so that the accuracy of the measurements 
made by said sensors can be validated. The system and method 
according to the invention should also be adapted as to provide 
information about the relevance of certain measured values of 
process variables in order to make it possible to automatically 

25 decide whether certain measured values should or should not be 
included in models for the overall optimisation and control of the 
process, and for the purpose of making it possible to decide 
whether a certain sensor should be repaired or replaced due to 
malfunctioning. The same applies for defective or malfunctioning 

30 process equipment in general. 

According to the invention P the above object is achieved by the 
initially defined method, which is characterised in that the auto- 
matic diagnose comprises the steps of executing at least two 
35 predictions of a given process variable with different sets of 
measured variables as input to a model for executing said pre- 
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dictions, observing any deviation between th predicted values 
and the measured value of said process variable, and evaluating 
the observed deviation pattern for the purpose of deciding 
whether the measured value of said variable should or should not 
5 be used as input in the control model and/or the process model. 



Alternatively, the above object is achieved by the initially defined 
method, which is characterised in that it comprises the further 

10 steps measuring a value of at least two process variables at at 
least one location in the process, predicting said at least two 
variables by means of a model for a relevant part of the process, 
with given boundary conditions, observing any deviation between 
the measured and predicted value of each process variable, and 

15 comparing and evaluating the observed deviations for the pur- 
pose of deciding whether the measured values of said variables 
should or should not be directly used as input to the control 
model and/or process model. Preferably, each prediction is 
based on a certain set of input data, i.e. measurements, exclud- 

20 ing the measured value of the variable to be predicted. If the val- 
ues of two variables are measured and predicted, and the meas- 
ured variables deviate in the same, but acceptable way from the 
predicted values, it is reasonable to make the conclusion that the 
sensors for measuring are functioning. If, on the other hand, one 

25 of the deviations differs remarkably in any way, then one cannot 
be sure which of the sensors is malfunctioning, or if there is any 
other disturbance in the process affecting the measured value. 

Therefore, according to a preferred embodiment of the Invention, 
30 the values of at least three process variables are measured, pre- 
dicted, and compared as to their deviations between measured 
and predicted variables. By comparing the deviations of at least 
three process variables, the detection of a malfunctioning sensor 
can be done with significantly improved reliability, If the deviation 
35 of one of the variables differs significantly from the deviations of 
the other variables, it is probably due to malfunctioning of the 
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corresponding sensor or due to malfunctioning of some specific 
proc ss equipment, the function of which is r lat d to the value 
of the variable in question. A certain process disturbance or 
variation might also be the reason for a deviation pattern errone- 
5 ously indicating a malfunctioning sensor. 

In order to further improve the reliability of the conclusions based 
on the comparison of the deviations for the variables in question, 
it is suggested that the number of measured and predicted proc- 

10 ess variables are at least four, preferably at least five, and that 
said process variables are divided into at least two groups, said 
groups having at least one common process variable, and that, 
for each group, the deviations between measured and predicted 
values of the variables of that group are compared and evalu- 

15 ated. Hence, if the deviation of such a common process variable 
differs significantly from the deviations of the other process vari- 
ables in both groups that it belongs to. this will most probably be 
due to the malfunctioning of the sensor measuring the value of 
said variable. However, If the deviation of the variable in ques- 

20 tion differs significantly from the deviations of the variables In 
one of the groups to which it belongs, but not from the deviations 
of a second group to which it belongs, this is probably not due to 
malfunctioning of the sensor in question. In order to further de- 
velop the inventive method, the values of a plurality of process 

25 variables are measured and predicted, and the variables are di- 
vided into a plurality of groups. 

For the purpose of further improving the method, based on which 
a computer based automatic diagnostic system can be built, the 

30 Invention suggests that, upon the observation of a deviation pat- 
tern which indicates the malfunctioning of a sensor, a measure- 
ment of at least one further process variable, the value of which 
is related to the value of the variable measured by said sensor is 
initiated. Accordingly, the value of said further process variable 

35 is not continuously or repeatedly measured. For example, this 
variable might be one that has to be measured off-line by means 
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of lab measurements. Accordingly, the Invention suggests the 
initiation of such further measurements primarily only upon the 
observation of a deviation pattern indicating the malfunctioning of 
a certain sensor. Furthermore, the invention suggests that, upon 
5 observation of such a deviation pattern, the function of at least 
one process controlling means, the function of which is related to 
the value of the variable measured by said sensor, is checked. 
Such a process controlling means could be a valve, a pressure 
generator, a pump, or the like for a given process, for example a 
10 process for pulp and paper production. 

The process variables, the values of which are measured and 
predicted can be concentrated to one and the same unit process. 
However, when the process, and an automatic diagnostic system 

15 built thereon, is more developed, the values of process variables 
in more than one, preferably all unit processes are measured and 
predicted. The values, the deviations of which are compared to 
each other are normally measured in one and the same unit pro- 
cess. However, as an alternative, deviations or process variables 

20 measured in different unit processes are executed in certain 
cases when this is found advantageous for the diagnose. 

The inventive method includes a simulation and an overall opti- 
misation of the process, said simulation and optimisation being 

25 based on information concerning the result of said measurements 
and predictions of the process variables, the comparison of the 
deviations, and the observation of individual sensor malfunction- 
ing, equipment malfunctioning, and/or process disturbances. The 
simulation and optimisation are executed by means of one or 

30 more algorithms as described earlier in this application. The pro- 
cess is optimised with regard to any one or a combination of Is- 
sues such as product quality, economy, environmental aspects, 
energy consumption, and maintenance. The maintenance optimi- 

sation preferably concerns when certain sensors and certain pro- 

35 cess equipment should be repaired or replaced. The simulation 
and optimisation serve to set the set-points for a plurality of vari- 
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ables In th process with regard to what is being optimised. H re. 
the simulation and optimisation is executed by the process 
model, which applies set-points to the control model. 

5 The invention also comprises the use of so-called* soft sensors. 
Such soft sensors could include models for predicting certain 
product qualities based on certain process, variable v value.s. In the 
case of a process for the production of pulp and paper, the soft 
sensing could include the prediction of. for example, paper 

10 strength based on the measurement of fibre size, distribution, 
NIR spectra, refiner energy input, and the like. Thanks to the 
inventive method, based on which an automatic diagnostic sys- 
tem can be built, such soft sensing can be more reliable. Pref- 
erably, the soft sensing plays a vital role for the optimisation of 

15 the process, for example for the optimisation with regard to the 
product quality. 

According to one embodiment, the inventive method comprises a 
step of predicting the future value or values of certain process 

20 variables by means of an empirical model for one or more unit 
processes. This statistic-depending empirical model may be used 
to make adjustments of the physical model of the process. How- 
ever, upon a rebuilding of the process, said empirical model- is 
rebuilt based on the predictions made by means of a physical 

25 model. 



The Invention also refers to a computer based system as initially 
defined, which is characterised in that it comprises means for 
executing an automatic diagnose of the validity of the process 
data retrieved from the process for the purpose of preventing 
irrelevant process data from being used as input in the control 
model. 



The diagnose means comprises measuring means that comprise 
sensors for in-line, on-line and/or at-line measurement. It also 
comprises predicting means, observing means, and means for 
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10 



comparing and evaluating the observed deviations, said means 
preferably being arranged as software in a computer. The inven- 
tive system also comprises means arranged as a software in a 
computer for executing all other steps of the inventive method as 
defined above. Accordingly, the inventive system comprises a 
system for automatic diagnose of the process in question. It may 
also comprise empirical models or algorithms for the optimisation 
of the process based on information from the automatic diagnose 
system. 

Further features and advantages of the inventive method and 
system will be presented in the following description and in the 
enclosed, dependent claims. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Hereinafter, the invention will be described by way of example 
with reference to the annexed drawings, on which: 

20 Fig. 1 is a schematic flow chart showing the essential ingre- 
dients in the inventive method and system, 
fig. 2 is a more detailed, but still schematic flow chart of a 

diagnose means according to the invention, 
figs. 3a-c are examples of deviation patterns observed and 
25 treated by the diagnose means, and 

fig. 4 Is an example of a deviation pattern observed and 
treated in an alternative way by the diagnose means. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 shows a schematic flow chart of one embodiment of the 
inventive computer based system for controlling an industrial 
process P which comprises at least two unit processes UP1 
UP2 r UP3, see also fig. 2. Here, the process P is a process for 
the production of pulp and paper or board. The unit processes 
UP1-3 could be the processes of a boiler, a digester, or any unit 



30 
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process normally present in such a process P. The unit proc- 
esses UP1-3 may b continuous, semi-continuous, or discontinu- 
ous processes. The process P, however, is continuous or semi- 
continuous. 

The inventive system comprises a control model 1 comprising 
one or more algorithms for controlling the process P. For this 
purpose, the control model needs to be updated with process 
data from the process P. Therefore, the inventive system com- 
prises means 2-8 for delivering process data from the process P 
to the control model 1, the operation of the model being based on 
said process data. Such means for delivering process data in- 
clude a plurality of sensors 2-8. preferably arranged for in-line, 
on-line and/or at-line measurement of a plurality of process vari- 
15 ables Q,, T,. 



10 



20 



According to figs. 1 and 2. the system also comprises means 11 
for executing an automatic diagnose of the validity of the process 
data retrieved from the process P by the measuring means 2-8 
for the purpose of preventing irrelevant process data from being 
used as input in the control model 1. The diagnose means 11 will 
be explained more in detail later with reference to fig. 2. How- 
ever, one of its main tasks is to prevent process data retrieved 
by malfunctioning sensors from being used as input in the control 
25 model 1. 

The system also comprises a separate process model 12 for 
simulating the process. The process model 12. arranged as soft- 
ware in a computer, may include one or more physical models 
and/or empirical models for simulating the process. The process 
model 12 is adapted to update the control model 1. or, more pre- 
cisely, provide the control model 1 with set point values for its 
operation. The set point values are set point values for different 
process variables or parameters. The process model 12 is 
adapted to simulate and optimise the process P with regard to 
one or more of a plurality of issues, such as product quality, pro- 
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cess economy, environmental aspects, etc., with given con- 
straints. 

The system also comprises means 2-8. shown in fig. 2, for pro- 
5 viding the process model with process data which is used by the 
process model 12 for its operation. Said means 2-8 include a 
plurality of sensors, preferably arranged for in-line or on-line 
measurement of a plurality of process variables. According to the 
Invention, the diagnose means 11 is adapted to provide the proc- 
ess model 12 with information for the purpose of preventing ir- 
relevant process data from being used as input in the process 
model 12. Typical such irrelevant or incorrect process data is 
process data delivered from malfunctioning sensors. 

The diagnose means 11. shown in detail in fig. 2, plays a vital 
role in the system, and will therefore be described more in detail 
hereinafter. 



10 



15 



20 



The diagnose means 11 comprises a model 13 for predicting the 
values of two or more, preferably a plurality of process variables 
Qi. Tj corresponding to the variables the state or values of which 
are measured by means of said means or sensors 2-8 For this 
purpose, the predicting model 13 is supplied with process data 
from the means 2-8. However, when the predicting model 13 pre- 
25 diets the value, for instance Q„ f , of a certain variable, it exe- 
cutes its prediction without regard to the measured value Q, T, of 
that specific variable. The predicting model 13 will be discussed 
more in detail later. 



30 



The system comprises means 14. 15. 16 for observing any de- 
viation between the measured and the predicted value of each 
measured process variable. The means 14, 15, 16 preferably 
comprise comparators solely for comparing predicted values Q 

M It , measu , red va,ues Q '. T ' for the-process variable over a 
35 given time-period. 
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Th system also comprises a means 17 for comparing th ob- 
served deviations QrQi. t,-T, for the purp se of deciding th 
validity of the measured values, and in order to make it possible 
to decide whether the measured values of said variables should 
5 or should not be directly used as input to the control model 1 and 
the process model 12. In reality, a deviation pattern 21-23 will be 
supplied to the evaluating means 17 from the observing /neans 
14. 15. 16. and the evaluating means 17 is arranged to evaluate 
the given pattern and observe deviations that make the pattern 

10 illogical. Upon an observation of such an illogical deviation pat- 
tern which, for example, indicates the malfunctioning of one or 
more sensors 2-8, the evaluating means 17 is adapted to activate 
a means 18 for initiating a measurement of at least one further 
process variable L, the value of which is related to the value of 

15 the variable or variables Q t , Tj measured by said sensor or sen- 
sors deemed to be malfunctioning, for the purpose of checking 
whether it really is the sensor or sensors in question that are 
malfunctioning or if there is any disturbance in the process which 
has lead to the illogic deviation pattern. For example, a further 

20 process variable to be measured upon such an observation might 
be the level L of a specific liquid in a given tank in one process 
unit. Here, such a measurement is executed by means of a sen- 
sor denoted 9 in unit process UP3. The measured value of this 
further variable is preferably compared to a predicted value 

25 thereof, or a given set point value for said variable, and any de- 
viation between the measured value L of the further variable and 
its predicted value or set point value is supplied to the evaluating 
means 17. The evaluating means 17 is then adapted to analyse a 
new deviation pattern with regard to the result of the measure- 

30 ment of the further variable, in order to make sure if the original, 
illogical deviation pattern is due to malfunctioning sensors or due 
to some process error detected through the measurement of the 
further variable. For this purpose, the predicting model is sup- 
plied with the value L of the further variable, in order to take it 
35 into account when making new predictions. 
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The syst m preferably also comprises means 19 for initiating a 
check of the function of at least one process controlling means 
20, the function of which is related to the value Q i( T< of the vari- 
able or variables measured by the sensor or sensors that, ac- 
5 cording to the illogical deviation pattern seems or seem to be 
malfunctioning. Such a process controlling means could, for ex- 
ample, be a certain valve in the outlet of a tank. The initiating 
means 19 could, for example, initiate a measurement of the valve 
opening by means of a certain sensor like a flow meter, here a 

10 sensor denoted 10 as well as a valve position. Upon detection of 
a malfunctioning process controlling means, for example the 
valve 20, the system, preferably the evaluating means 17, Is 
adapted to emit an alarm for the purpose of initiating either 
automatic or manual measures with regard to the concerned pro- 

15 cess controlling means 20. 

Based on the result of its evaluating operation, the evaluating 
means 17 is adapted to provide information concerning malfunc- 
tioning sensors or process disturbances or errors to the control 
20 model 1 and the process model 12, respectively. Accordingly, the 
diagnose means 1 1 defines an advanced, automatic diagnose 
system used for the purpose of preventing incorrect process data 
from being used as input in the control model 1 and the process 
model 12. 

25 

According to the embodiment shown in fig. 2, the measured pro- 
cess data are divided into a plurality of groups, and a deviation 
pattern is observed for each group. Every group has at least one 
process variable common with another group. In fig. 2, this is 

30 indicated by the variables measured by the measuring means 4 
and 6. By gathering the measured process data In different 
groups with predetermined data common for different groups, 
Individual deviation patterns for each group can be observed by 
the means 14, 15, 16. and then handled by the evaluating means 

35 17. By dividing the process data in groups in the described way, 
the deviations are presented to the evaluating means 17 in a way 
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which promotes an efficient an reliable analysis by the evaluating 
m ans 17. 

In fig- 3a-c Q* indicates different predicted pressures, while T { 
5 indicates different predicted temperatures. However, it should be 
understood that different systems according to the invention may 
use completely different values, and that this is only a very sim- 
ple example of the principles of how to treat measured variables. 
Qi and T, indicates the measured values of said variables. 

10 

Fig. 4 shows an alternative deviation pattern. Here, the predict- 
ing model 13 uses different sets of process data for prediction of 
Q 1t For example, for Q 1A , the model is adapted to make its pre- 
diction only with regard to a first set of measured variables. For 

15 the prediction of Qi B . it uses a modified set of measured vari- 
ables, different from the one used when predicting Q 1A . Accord- 
ingly, Q^c, Qio> and Q i£ are all predicted with modified, i.e. dif- 
ferent, sets of measured variables as input to the model 13. Al- 
ternatively, this could be regarded as a use of different, modified 

20 models in order to predict Q 1( Preferably, the evaluating means 
17 is adapted to analyse the deviation pattern of this kind. It 
should be understood that, for such a solution the observing 
means 14, 15, 16 could be regarded as modified and integrated 
with the evaluating means 17, 

25 

In fig. 2, it is only shown, by way of example, with dashed lines 
from the sensors 2 and 3 to the predicting model 13 that process 
data is delivered from the measuring means 2-10 to the predict- 
ing model 13 as input to the latter. Preferably, the system per- 
30 mits measured variables from each of the means 2-10 to be de- 
livered to the predicting model 13. 

Preferably, the predicting model is based on physical laws for at 
least one of a hydraulic flow in the process, a mass balance in 
35 the process, and an energy, or temperature, balance in the proc- 
ess. Nevertheless, the model may also, when found suitable, 
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10 



15 



comprise one or more empirical models for executing the n ces- 
sary predictions. 

Upon detection of certain discrepancies between model predic- 
tions and sensor measurements that cannot be related to be as 
due to process errors or malfunctioning sensors, an adjustment 
or upgrading of the model might be executed. When the predict- 
ing model 13 includes a physical model and an empirical model, 
the physical model is adapted to rebuild or replace the empirical 
model upon a rebuilding of the process. The rebuilding or re- 
placement of the empirical model is based on predictions from 
the physical model. 

Thanks to the invention, it will be possible to do on-line predic- 
tion of non-measured properties in a line for production of pulp 
and paper. Such properties could be yield, fibre or paper 
strength, bleachability. etc. It will be possible to measure differ- 
ent in-line and on-line properties, and correlated to lab meas- 
urements of the actual properties. The analysis of the reliability 
of these predictions can then be made by this signal check as 
outlined above. New empirical models can be constructed where 
only reliabie data can be identified automatically, without having 
to do a lot of manual checks. 

25 By correlating the in-line, on-line and/or at-line measurements to 
on-line sampling measurements as well as lab measurements it 
»s also possible to determine when the deviations are due to sen- 
sor problems or to process variations Influencing the measure- 
ment. By measuring, for example NIR spectra. UV and other 
spectra further process parameters can be indirectly measured 
and a state of the process be defined. Based on such measure- 
ments, and by simulating the process by means of the simulator 
.t will be possible to follow the passage of a certain batch 
through the line, and adjust for dilution, different reactions etc 
The new information is added to the knowledge in the simulator' 



20 



30 



35 
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and also process variation can be both predicted and compen- 
sated for in an adaptive way. pen 

Of course, a plurality of embodiments of the invention will be ob- 

IT ,\k Sk, " ed ,n the art wlthout leaving Z 

ported HT T enti ° n 38 d6fined the appended Cairns "sip! 
ported by the description and the drawings. 

^17^ th ? predlctions ca "* d out by means of the predicting 

e the use of mu,ti ' variate data "«o< 

cLZTJ^ m ° dification ° f *• Process mode. 12. 

from . , a 1 predicti "9 mode ' ™ based on the outpu 

IvsTl 8 M matl ! d ' a9n0Se meanS 11 ' a var * retun^t contro 
system ,s obta.ned. Preferably, all or almost all measures taken 
by the system are implemented by means of software in a com- 
puter environment. 
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Claims 

1. A computer based method for controlling an industrial proc- 
ess P which comprises at least two unit processes (UP1, UP2 
5 UP3), comprising the steps of 

- directly controlling the process by means of a model (1) 
comprising one or more algorithms. 

- delivering process data (Q ( , T s ) from the process (P) to the 
control model (1), 

10 characrtftrirmn' i n that it comprises the further step of 

- executing an automatic diagnose of the validity of the proc- 
ess data retrieved from the process (P) for the purpose of pre- 
venting irrelevant process data from being used as input in the 
control model (1). 

15 

2. A method according to claim 1, characterise , n that the pro- 
cess is simulated by means of a separate process model (12) 
and that the control model (1) is updated by and provided with 
set point values from the process model (12) for its operation. 

3. A method according to claim 2, characterise i n that the 
control model is modified by means of the process model based 
on the automatic diagnose. 

25 4. A method according to claim 2 or 3, characterised.^ that the 
process model (12) is provided with process data (Qi T,) from 
the process (P), the operation of the process model being based 
on said process data. 

30 fn ,h A , T th ° d accordin9 to an * ono °f bairns 2-4, eh^n^ 
to that the process model (12) is provided with information from a 
diagnose means (11) for the purpose of preventing Irrelevant 
process data from being used as input in the process model (12) 



35 



6 * ♦K A .T th ° d accord,n 9 t0 anv one of claims 2-5, characterise 
in that the process is simulated and optimised with regard to one 
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or more of a plurality of issues, with given constraints, by m ans 
of the process model (12). 

7. A method according to any one of claims 1-6. sharaclgrififld 
5 in that the automatic diagnose comprises the steps of executing 
at least two predictions (Q 1A , Q 1B , Q 1C> q 10 , q 1e) of a gjven 
process variable with different sets of measured variables (Q if T,) 
as input to a model (13) for executing said predictions, observing 
any deviation (Q 1A -Q, ...Q^-Q,) between the predicted value 
10 and the measured value of said process variable, and evaluating 
the observed deviation pattern for the purpose of deciding 
whether the measured value (Q,) of said variable should or 
should not be used as input in the control model (1) and/or the 
process model (12). 

15 

8. A method according to any one of claims 1-6, characterised 
in that the automatic diagnose comprises the steps of 

measuring a value (Qj, T ( ) of at least two process variables 
at at least one location in the process (P), 
20 - predicting said at least two variables (Q it f } .) by means of a 
model (13) for a relevant part of the process (P) and with given 
boundary conditions, 

observing any deviation (Q r Q,, t ,-T,.) between the predicted 
value and the measured value of each process variable, and 
25 - evaluating the observed deviations for the purpose of de- 
ciding whether any of the measured values (Q,, Tj) of said vari- 
ables should or should not be used as input in the control model 
(1) and/or the process model (12). 

30 9. A method according to claim 7 or 8, characterlsArf in that 
when a specific variable (Q,. f ,) is predicted by means of the 
predicting model (13), the measured value (Qj, T,) of that variable 
Is excluded in the predicting model (13). 

35 10. A method according to claim 8 or 9, charactered i n that the 
values of at least three process variables are measured, pre- 
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dieted, and evaluated as to their individual deviations between 
measured and predicted values. 

11. A method according to claim 8 or 9, charactarisArt in that the 
5 number of measured and predicted process variables are at least 

four, preferably at least five, in that 

said process variables (Q,, Tj) are divided into at least two 
groups (21, 22. 23), said groups (21-23) having at least one 
common process variable (Q 2 , Q 3 ), and In that, for each group 
10 (21-23), the deviations between measured and predicted values 
of the variables of that group are compared. 

12. A method according to any one of claims 7-11, characterised 
in that, upon observation of a deviation pattern which indicates 

15 the malfunctioning of a sensor (2-8), a measurement of at least 
one further process variable (L), the value of which is related to 
the value (Qi, Tj) of the variable measured by said sensor (2-8) is 
initiated and compared to a predicted value or set point value for 
said further variable (L). 

20 

13. A method according to any one of claims 7-12, ghfltafitfiliafld 
in that, upon an observation of a deviation pattern which indi- 
cates the malfunctioning of a sensor (2-8), the function of at least 
one process controlling means (20). the function of which is re- 

25 lated to the value of the variable measured by said sensor, is 
checked. 



14. A method according to any one of claims 7-13, chfliaglgrl&fifl 
in that an overall optimisation of the process (P) is based on the 

30 result of said measurements and predictions of the process vari- 
ables (Qi. T,), evaluation of deviations, and observation of indi- 
vidual sensor malfunctioning. 

15. A method according to any one of claims 7-14. chaiacifidSfi il 
35 in that the predicting model (13) comprises a physical model 

which is based on physical laws for at least one of 
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- a hydraulic flow in the process (P) 

- a mass balance In the process <P) 

• an energy or a temperature balance in the process (P). 

measurements, an adjustment 7o , t 6 m ° de ' predjct ^ns and 
cuted based on the resuT of L.h * * *' m ° de ' (13 > is 
evaluation. " ° f Sald '"•••urlng, prediction, and 

10 

17. A method accordino to oi*!r« <• a 

Process is optimised with reaa d7o It fiha r afi tftrtw ^ to that the 
"ct quality, economy environ^ 1! ' ° r 3 Como, "a«°n of prod. 
15 tion. and process e<^^ ~~»> -sump- 

18. A method according to claim ie u 

predicting model (13, comprises an .r^f* 1 ^ 1 ^ 1 ,ha » ,n « 
diction, end in »„.«. upon . re bu Z„„ P n,0d '" ,or 1,8 P»»- 
empirical mode, is rebZ or replaced h L " Pr0Ce8S <">■ 8ai « 
20 said physical model. replaced based on predictions from 

, Process, preferabfy for ,he o,!d* ^ ""^«"«»»eEEK 
25 board. Y '° r ,he P ro «ucMon of pulp and paper or 

UP3>. said system comprising" 8 ' ° U "" Pr ° C98888 «UP1 . U P2 . 
controlling the pro?es P "p" 9 ° r m ° re alaorl,h ms for directly 

(p> «°"e%imio°, , :ode d r(;rm. p o™7 s ,r da,a ,rom ,h » °~- 88 

(D being based on said P ocees L ta !h *" COn,r0, mod8 ' 
3S comprises process data. char af . nr | f|nf1 [n (ha| (( 
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Im: me A? f ° r 6X CUting an autor "a«c diagnose of the va- 
lidity of the process data retri ved from the process (P) for the 
purpose of preventing irrelevant process data from being used as 
input in the control model (1) 

5 

21. A computer based system according to claim 20, QhaiaslSL, 
iSfidJn that It comprises a process mode. (12) for simulaSn^ 
process (P). said process mode. (12) being adapted to update 

10 operauon m ° de ' (1> * S6t P ° int Va,ues for its 

22. A computer based system according to claim 12, shan&z^ 

SKm? t Pr T SS m ° de ' <12) ta adapted to ^IfT^Zl 
trol model (1) based on process data validity information from the 
15 diagnose means (11). 

23 A computer based system according to claim 21 or 22, ehatz 
aclaoafidJn that it comprises means (2-10) for providing thVW 

20 modem T Pr0C — »» ° P *' a »°" °< ".2 process 

20 mode. (12) being based on said process data. 

It' c A h a 7«T- er ^ Sed . SyStem accordi "9 t0 a "V one of claims 21- 
oro Jd "I 1 *™" 1 ln that the dla 9"° se m «ans (11) is adapted to 
provide the process model (12) with information for the purpose 
of preventing irrelevant process data from being used as input in 
the process model (12). p 



25 



30 



35 



25. A computer based system according to any one of claims 21- 
24. ^tois^UQ that the process model (12) is adapTed to 
emulate and optimise the process with regard to one or more of 
a plurality of issues, with given constraints. 

26. A computer based system according to any one of claims 20- 
25 ' 2^ ^ diagnose-means (-; 1-) comprises 

- means (2-8) for measuring a value (Q„ T ( ) of at least two 
process variables at at .east one location in ihe process (P) 
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\ means (13) for predicting the values (6 n A a 

vaViaMe anTfe? ST? m8aSUr6d Va ' Ue8 »' "« 
variable and for evaluation of the observed deviation* f,*. ,k 

purpose of aecidino the validity „, ,he meat Q , of 

as ,npu ' '° ,he ~ moJ < r > ~ 

10 

27. A computer based system according to any one of claim* *n 

• t ^r^: hat ,he dia9nose mesns 

means (2-10) for measuring a value (Qi T.l of at i™» ♦ 
process variables a, a, ,aa>, one' location n he proe.. P) ' 

20 variable, and preofcted values of each process 

- means (17) for evaluation of the observed deviations for tt.. 

«^^ t r , * rkof ,he 

vanaoies (Q,, t,) as-input to the control mod«i r"n 

model (12) «"«ro. model (1) and/or process 

25 

vale* oC?aa*. C t e S 8 J° C,aim £baa ^^ that «ha 
Wl 411 'msi three process variables 

Predicted, and evaluated a, ,o ,heir ^ ^ 

0 29. a computer based system according *~ - 

28. chaxa.^u,, thatVe^reXCmlan 7(iTf C * a " T,s j ?6 - 
exc.ude .he measurement of a JwnTT^ % J?"" 9 '* * 
when predictino the value of that (Q " T|) aS ,nput 

T|). 8 S P 9C "'C process variable (Q,. 
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30. A system according to any one of claims 27-29 

l^UD that «h number of predicted process variabieft^f; 

vanab Jr St 'T * ^ ^ process 

variables are divided into at least two arouos «m mTI P roce ss 

d values o, tbe'v'a'rlabt 5 ^JSJ^C' 0 " 

10 so! ^ZZZZXST" aceordin9 ,0 any one of c,aims *>- 

v. cnaracTftrififtrt in that the measured values (Q, t \ are m«=o 
urements, preferably m-.ine, on-line, and/or a -^e measure 
rdlL , V Se k n, ° rS (2 " 8> 8nd in ,hal evaluating mean. £ 

« £££ Ferrer pa,,ern wh,eh — - ,ha - 

-on or satd deWetlon pa«.rn IZX^SXZfZi 
» "n,p A r i :r m m ea" CO ( ;t 9 fo , ;,n i H T 30 ° f 31 • «ha. 

30 

34. A system according to any one of claims 26 a-? 

**UQ that the predicting means 03) ctmTrL s * L^^Z 

on physical laws for at . tom P r, ses a model based 

_ ^^.CVL;'^.' hy H rau,,c "° w "! ,he 

35 the process. Process, and an energy balance In 
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35. A system according to claim 34, characterised In that th 
valuating means (17) is adapted to adjusting the physical model 

(13) upon observation of a certain discrepancy between model 
predictions and sensor measurements. 

5 

36. A system according to any one of claims 21-35, character- 
ised in that the process model (12) for simulating the process (P) 
is adapted for executing an overall optimisation of the process 
(P) based on the process data (Q f , Ti. L) delivered to it as input 

10 and as a result of measurements and predictions of process vari- 
ables (Qi, T,,), evaluation of deviations and observation of indi- 
vidual sensor malfunctioning by the diagnose means (11). 

37. A system according to claim 36, characterised in that the 
15 process model (12) is adapted for optimising the process with 

regard to at least one of product quality, total economy, environ- 
mental aspects, energy consumption, or maintenance of process 
equipment. 

20 38. A system according to any one of claims 21-37, character- 
ised i n that the process is a continuous or semi-continuous 
chemical process, preferably for the manufacture of pulp and 
paper or board. 

25 3g. Use of a system according to any one of claims 21-38 for 
controlling an industrial process. 

40. Use of a system according to any one of claims 21-38 for 
controlling a process for manufacturing pulp and paper or board. 
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Abstra t 

(V wTh er C n b " Sed m ° th0d f ° r c <"* r °""* an industrial process 
5 2,1 c ° m P^«es at least two unit processes (UP1 UP2 
5 UP3), comprising the steps of ' 2 ' 

- directly controlling the process by means of a model m 
comprising one or more algorithms (1) 

;ontrorm e odef ( iT CeSS ^ ^ ^ *°" ^ ^ < P > <° »• 
10 The method comprises the further step of 

;« srrvrnTr^x^^ - ,he proc ; 



15 



(Fig. 1) 
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